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Although much Work has been done to
demonstrate that acantholysis induced by
cantharidin results from its action on enzymes,
the exact mechanism of this action is not
known. Results of experiments suggest that
cantharidin interferes with the activity of the
oxidative enzymes resulting in the decreased
production of adenosine triphosphate. Other
work suggests that cantharidin requires high
levels of available energy to produce acantholy-
sis (1, 2). Furthermore, cantharidin acantholy-
sis may well be an intracellular reaction (1, 3).
Most studies of the relationship of cantharidin
to metabolism have been done on specimens of
skin considerably removed from a normal en-
vironment, or on homogenates of liver and
other organs. Obviously these conditions arc
not ideal.
It would seem that tissue culture techniques
(monolayer culture) might provide an addi-
tional tool for further study of the action of
cantharidin on an actively metabolizing epi-
thelial cell. The studies in this paper describe
the physiologic action of cantharidin on epi-
thelial cells in tissue culture.
MATERIALS AND METHODS
(1) Maintenance and passage of cultures. H.
Ep2 cells (Human Epidermoid Carcinoma origi-
nating from primary tumor of the larynx) were
maintained in our laboratory in Eagle's minimal
essential medium containing 10 per ceat calf
serum, one per cent glutamine, 50 mg neomycin
and 10,000 units of penicillin per 100 ml media,
under aa atmosphere of 5 per cent CO2 at pH 7.4.
The growth pattern of the culture after its 40th
passage in this laboratory was found to be con-
sistent with previous reports (4).
The cultures were grown in 120 ml milk dilution
bottles. Six ml of medium containing about 500,000
cells/ml were added to each bottle. The cultures
were maintained at 37° C. Subcultures were made
when cell growth completely covered the bottom of
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the bottle by decanting the medium, and adding
one ml of 025 per cent trypsin (1/250 Difco in
Moscona solution). After wetting the surface of the
culture, half of the trypsin solution was removed
and the bottle incubated at 37°C for about ten
minutes until the cells were in suspension. The
trypsinized cultures were then resuspended in
medium as before.
For expediency most of the experiments were
made on cells in Leighton tubes. Approximately
1.5 to 2 X 10 cells were added to each tube. Final
volume in these tubes was always 1 ml. Pairs of
tubes were set up; one series for cell counts and a
duplicate series containing coverslips for histo-
logical study.(2) Viability studies. Viability of cells was de-
termined by adding 0.1 ml of one per cent trypan
blue to one ml of cell suspension. Since the surface
membrane of living cells selectively prevents the
dye from entering the cell and dead cells permit
the dye to enter readily, the number of viable and
nonviable cells could be easily determined. Cells
were counted in a standard hemacytometer and
viability was calculated by the formula (Total
cells — dead cells/Total cells) X 100.(3) Morphologic studies. Unstained material
in Leighton tubes lends itself to examination with
the usual tissue culture microscopes. In order to
have a permanent slide that could be stained and
studied a coverslip was introduced into the Leigh-
ton tube before the culture was added. The cells
then grew on the coverslip rather than on the sur-
face of the tube. At the termination of the experi-
ment the medium was removed from the tube and
the culture adhering to the coverslip was washed
with a balanced salt solution, fixed with methyl
alcohol, and stained with Jenner-Giemsa.
(4) The effect of cantharidin on H.Ep1$92 cells.
The effect of cantharidin was determined on cells
which had been subjected to trypsinization and
were rounded and not adherent to a glass surface,
as well as on cells which were adherent to glass.
Cantharidin in concentrations of 0.56 through 22
g/ml was added at seeding time. Total time of
exposure to the drug varied from 24 to 120 hours;
observations were made as early as 30 minutes.
Criteria of drug activity included altered growth
pattern, loss of cell adherence or inability to ad-
here to glass, withdrawal or lack of formation of
cytoplasmic processes, and other alterations of
cell morphology.
Specific experiments were performed to deter-
mine if the effect of cantharidin was reversible.
Cells were exposed to 0.56 to 124 eg/ml of
cantharidin for periods of time ranging from 3 to
24 hours. Media containing cantharidin was do-
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TABLE I
The effect of cantharidin on the ability of cells to attach to glass
Concen-
tration
canthar-
Observations after indicated period of exposure to cantharidin
< 24 hrs. 24 hrs. 48 hrs.
0
Morphology
Cell count*
Dead cells
120 & 180 mill:
Great majority normal
<10% free and rounded
Normal
0.87
None
Normal
1.63
None
0.56
Morphology
Cell count
30 & 180 mm:
Normal Two independent experi-
ments
(a) majority rounded
(b) 50% rounded with ma-jority of cells at-
tached to glass
1.2
0.62 Morphology
Cell count
Dead cells
Almost all cells rounded;
almost all appeared free
of glass surface
1.3
<4%
Approximately 25%
rounded and free
1.6
<1%
1.12
Morphology
15 & 30 mill:
Cells rounded but settled
60 mm:
Some cells have extended
processes
1.24
Morphology
Cell count
Dead cells
3 bra:
Cells rounded Almost all rounded and non-
adherent
1.22
<6%
Approximately 50%
rounded and free
1.5
<1%
1.68 Morphology
Cell count
All rounded, none adhered
1.2
2.24 15 & 30 mm:
Morphology Cells rounded but settled All rounded, none adhered; All rounded and
60 mill: there is clumping of some free
Some cells show extension cells
of processes
Cell count 1.9 1.2
Dead cells <4% 3%
* Total No. of cells
= cell count.Starting No. of cells
Fio. 1. H.EpA2 cells 30 minutes after trypsinized cells and 224 sg canthardin/mi intro-
duced into a Leighton tube. Note condensed nuclear material (volume roughly 60% of nor-
mal), increased staining of nuclear membrane, loss of cytoplasm, and cytoplasmic vacuoles.
Jenner-Giemsa (X 417).
FIG. 2. Cells treated as in figure 1 except exposed to cantharidin for 1 hr. Note change in
nuclear staining, loss of discernible nucleoli, marked reduction in cytoplasm, and naked nu-
clei. Jenner-Giemsa (X 417).
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canted, fresh media added, and the cultures ob-
served in the usual manner. In one experiment
cells treated in the above manner were reexposed
to 1.24 cg of cantharidin.
The relationship of temperature to the action
of cantharidin was determined (1) by the incuba-
tion of cells at the experimental temperatures with
subsequent exposure to cantharidin and (2) by
incubation of cells in the presence of cantharidin
at the same experimental temperatures. Tempera-
tures studied were 4°, 37°, 56° and 80° C.
The relative ability of cantharidin and trypsin
0.05 to 2.5 mg/ml to separate cells and to prevent
adherence to glass was also determined. Observa-
tions were made after 10 minutes and up to 24
hours following exposure to trypsin.
RESULTS
1. Effect of cantharidin on cells that are not
adhered to glass (Table I and Figures 1 and
2).
Cell counts indicate that exposure to can-
tharidin for 24 hours stimulated cell division.
Exposure to cantharidin for longer periods in
concentrations of 0.56 to 2.24 rg/ml was not
lethal to the cells. Almost all cells remained
circular and failed to adhere to glass when
observed at 3 and at 24 hours of exposure to
1.24 g/ml of cantharidin. However, after 48
hours only about 50 per cent of tbe cells re-
mained free and circular, the remaining ones
had settled down and appeared grossly nor-
mal (unstained Leighton tube examination
with low power magnification). With the higher
concentration of cantharidin (2.24 g/ml), the
cells failed to settle down or send out processes.
II. Effect of cantharidin on ability of cells
to remain adherent to glass (Table II and
Figures 3 and 4).
In experiments in which high concentrations
of cantharidin were added one hour after the
culture had been seeded, results after 96 hours
showed agglutination of some cells, rounding
of all cells with few remaining free cells, and
death with disintegration of more than 50 per
cent of the cells.
In the experiments where cantharidin was
added 24 hours after seeding, results indicated
that less cantharidin is required to prevent
adherence to glass than is required to initiate
detachment from glass. Again the lethal action
is not immediate. Both levels of cantharidin
initially stimulated mitosis. Only the higher
concentration (3.1 jzg) caused a significant
number of cells to leave the glass surface (35
per cent) after 24 hours. After 96 hours both
levels (1.55 and 3.1 tg) were lethal to both
free and adhered cells. Lethality appeared to
be dose related.
III. The effect of a limited exposure to
cant haridin.
Cells exposed to 0.56 and 1.24 tg of can-
tharidin showed the usual changes which were
dose-related as described in Table I. Cells that
survived exposure to cantharidin grew nor-
mally when transferred to media that did not
contain cantharidin. Re-exposure to 1.24 tg of
cantharidin resulted in findings consistent with
that observed during the initial exposure.
In another experiment one ml of canthari-
din (31 tg/ml) was substituted for trypsin
in the procedure for suspending cells. After 45
minutes most of the cells were freed from the
glass. These cells were subcultured into two
bottles and the volume so adjusted with media
that 3.1 y.g of cantharidin was present in each
bottle. Twenty four hours later all cells ap-
peared free and rounded. Additional media was
added to one bottle and both bottles were
reincubated. Forty eight hours later cells in
both bottles differed only slightly and appeared
similar to the 24 hour observation. Ninety
six hours after the start of the experiment all
cells exposed continuously to cantharidin were
dead. In the bottle that had received fresh
medium and subsequently refed, some cells
readhercd to glass. Gross examination two
weeks later indicated a normal appearing cul-
ture.
IV. Effect of temperature on H.Ep*'2 cells
and their response to cantharidin (Table III).
Under the usual tissue culture conditions
(at 37° C) the cells continued to divide and
remained viable and adherent to glass for at
least 96 hours. After 96 hours of exposure
to cantharidin, the cells appeared rounded and
detached from the glass surface. Cell counts
suggested that some of these cells had died
and disintegrated.
Exposure to 56° C for as brief a period as
ten minutes resulted in death of many of the
cells. Cantharidin appeared to enhance this
effect.
A ten minute exposure to 80° C was lethal
to all cells.
Exposure of up to 30 minutes to 4° C was
without noticeable effect. However, exposure for
TABLE II
The effect of cantharidin on the ability of cells to remain adhered to glass
Concen- Observations after indicated period of exposure to cantharidin
tratlon
cantha-
< 24 hrs. 96 hrs. 120 hrs.
A. Cantharidin added 1 hr. after seeding with culture
0
Morphology
Free cell count*
Dead free cells
120 & 180 mm:
Great majority normal,
<10% free and rounded
Very few free
and rounded
Majority normal
3 X 10
1 >( jØ4 3%
1.16
2.24
Morphology
Morphology
Morphology
Morphology
Free cell count (a)
Dead cells (a)
Free cell count (b)
Dead cells (b)
9Omiri:
Cells have begun to with-
draw processes, some
rounded
180 mm:
Many rounded
60 mm: Two separate experi-
ments
Appearance varies from
normal to some rounded;
all adhered
120 & 180 mm: Two separate
experiments
Variation from 10—20% free
and rounded
All rounded,
some clumped
Two separate ex-
periments
1.8 X 10
7 )< 10 = 38%1.3 X 10
5 x 10 = 31%
B. Cantharidin added f14 hrs. after seeding with culture
(2 X 10 cells introduced into all tubes)
cant1?iidin, Irafter Obsertionk0,fter
0 MorphologyCell count adheredt
Free cell count
Dead free & adhered cells
Dead free cells
Increase in cell countl
Normal
2.6 X 10
4 X 1O (13%)
None
1.5 (48 hrs.)
9.9 X 1O
1.4 x 10
3 X 10 = 17% of free
cells
5.65 (5 days)
1.55 MorphologyCell count adhered
Free cell count
Dead free & adhered cells
Dead adhered cells
Dead free cells
Increase in cell count
Some rounded, some free
3.7 X 10
4 X 10 (9%)
Very few
2.05
2.8 X 10
2.5 X 10
1.3 X 10 = 46%1.7 X 1O = 68%
2.65
3.1 Morphology
Cell count adhered
Free cell count
Dead free & adhered cells
Dead adhered cells
Dead free cells
Increase in cell count
Many free rounded cells,
rounded adhered cells
2.2 X 10
1.3 X 10 (37%)
Very few
1.75
1.2 )( 10
1,7 x 10
1 X l0 (83%)
1 X 10 (59%)
1.45
* Free cell count—count of cells not adhered to glass.
t Cells adhered to glass—removed by trypsinization.Total No. of detectable cellsIncrease in cell count — Starting No. of cells
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CANTHARIDIN AND EPITHELIAL CELLS 297
60 minutes at 4° C resulted in some physical
changes which were reversible with time. Can-
tharidin's effect on precooled cells was similar
to the changes described above for cells in-
cubated under the usual standard temperature.
The above experiment was modified and
repeated. Two groups of tubes were set up.
Each group was further subdivided so that
only one half contained 1.24 pg of cantharidin,
One group (half with and half without can-
tharidin) was kept for 3 hours at 4° C; a simi-
lar group was kept at room temperature. All
tubes were then incubated at 37° C for 24
hours. Exposure to 4° C for 3 hours had no
obvious effect on untreated cells. Cantharidin
caused similar changes in both sets of tubes.
V. Comparative effect of cant haridin and
trypsin on the ability of HEp *Z2 cells to ad-
here to glass.
Trypsin, in concentrations of 0.1 to 0.2 per
cent prevented cells from adhering to glass.
These concentrations were not lethal. In the
presence of the higher concentrations of trypsin
which did not result in detachment from glass,
the cells appeared normal, except for an in-
creased number of rounded cells.
Cells exposed to 0.25 per cent trypsin for
30 minutes and then resuspended in media
settled down on a glass surface within 20
minutes. At first they remained rounded, but
within an hour, cytoplasmic processes could
be seen (Figs. 5 and 6). Figure 7 represents a
typical culture 24 hours after trypsenization.
Exposure for 24 hours to 0.25 per cent trypsin
was net lethal.
VI. Morphological observations on Jenner-
Giemsa stained slides.
Cells that had been exposed to 2.24 pg of
cantharidin for only 15 minutes showed marked
morphologic changes. These included retraction
of cytoplasmic processes, resulting in rounded
cells and a notable decrease in cytoplas-
mic volume. The plasma membrane ap-
pears indefinite and occasionally blebbing of
the membrane and pinching off of cytoplasm
was noted. In contrast the nuclear membrane
appeared to stain more intensely which was
indistinguishable from RNA staining. After 30
minutes the plasma membrane appeared al-
most lysed, the cytoplasm showed vacuolization
and the presence of basophulic granules was
noted. The nucleus appeared condensed and
pyknotic. Those cells without densely clumped
chromatin showed rare nucleoli, never more
than 3, usually one. (This represented a sig-
nificant decrease in nucleoli.) Free nuclei were
seen as shown in Figure 1.
Progressive cellular deterioration was noted
in subsequent observations (Fig. 2). However,
observations at 3 and 4 hours indicated that
cells appeared less degenerate than those stud-
ied after a one or two hour exposure. The
cytoplasm of some cells showed large amounts
of a red material some of which was condensed
into granules.* Other cells appeared to be in
the prooess of extruding this material. Cells
with intact nuclei showed little or very faint
chromatin staining, however nucleoli appeared
to be condensed into compact dark masses.
Multinuclear giant cells had disappeared. The
latter cells seemed much more vulnerable to
eantharidin. Examination after 24 hours re-
vealed intact "naked", pyknotie nuclei with
only minimal cytoplasm remaining.
Similar studies were made with 0.62 and
1.24 sg of cantharidin. Observations were
made for 48 hours. The morphologic effect
appeared to be dose related. There were fewer
rounded cells noted with the smaller doses as
compared to the larger doses. More nucleoli in
the nuclei of these cells and many more multi-
nucleated cells were observed. Many cells still
showed extended cytoplasmic processes.
The cytoplasm of rounded cells was never
* This material stained red with Giemsa and
one might assume this was indicative of gamma
metachromasia resulting from the presence of
highly acidic groupings (COOH, P04, or SO1I).
However it was orange red with cosin and this
possibility was eliminated. It was seen in normal
cultures that had been grown under substandard
conditions (see Figure 7). In our opinion this ma-
terial represents an unidentified metabolic prod-
uct. We have noted the same material in other
epithelial cell strains.
Fm. 3. Trypsinized cells introduced into a Leighton tube and allowed to settle for 1 hr.
They were then exposed for 1 hr. to 1.86 pg/ml cantharidin. Note loss of nuclear details,
shrunken nuclei (60% of original size), naked nuclei, and pinched off appearance of cyto-
plasm. Jenner-Giemsa (X 417).
Fio. 4. Cells treated as in figure 3 except exposed to cantharidin for 3 hrs. Note further
decrease in nuclear size (<50% of original size) as well as change in nuclear shape, oval to
round, naked nuclei and pinching off of cytoplasm. Jenner-Ciemsa (X 417).
TABLE III
Effect of ccrntharidin on cultures incubated at the indicated time and temperature
(1.4 )< 1O cells introduced into all tubes)
Period of Incubation
A. 4°C
10 mm.
without can-
tharidin
with canthari-
din (2.24 peg/mI)
Morphology
Morphology
Time of observation after start of experiment
2 hrs. 3 hrs. 96 bra
Normal
Normal
Normal, few free
cells
About 10% free,
remainder nor-
mal
Normal, unusual
amount of debris
seen
Mostly rounded,
large amount of
debris, cells not
shrunken
30 mm.
without can-
tharidin
with canthari-
din
Morphology
Morphology
Free cell count
Dead free cells
Normal
Normal
Normal
More rounded cells
than control,
adherence nor-
mal
Normal
All free and
rounded
2.2 X 10
1.6 >< 10 (72%)
60 mm.
without can-
tharidin
with canthari-
din
Morphology
Mrophology
Free cell count
Dead free cells
Adherent, some
rounded cells
About 50% adher-
ent to glass
Many rounded
cells, some free
Almost all
rounded, some
free
Normal
All free, shrunken
7.5 >( 10
All, there was
much debris
B. 37° C
10 mm.
without can-
tharidin
with canthari-
din
Morphology
Free cell count
Dead free cells
Morphology
Free cell count
Dead free cells
Normal
Almost normal
10% free, remain-
der normal
10% free and
rounded, re-
mainder normal
Mostly normal,
few rounded and
free
3 X 10
1 )< lO (3.3%)
Almost all free,
some agglutina-
tion
1.8 X 10
7 X 10 (39%)
60 mm.
without can-
tharidin
with canthari.-
din
Morphology
Morphology
Free cell count
Dead free cell
count
Same as 10 mm.
Rounded but ad-
hered
Same as 10 mm.
50% of all cells
rounded, 15%
free
All free, much
debris present
1.3 X 10
5 X 10 (38%)
298
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TABLE III—Contiuned
C. 56° C
10 mill.
without can-
tharidin
with canthari-
din
Morphology
Free cell count
Dead free cells
Morphology
Free cell count
Dead free cells
All rounded and
free
Some free and
rounded
All rounded and
free
About 50% free
and rounded,
some free agglu-
tinated cells
All rounded
2.6 X 10
1 X 10 (42%)
Some free and
rounded
2.4 x 10
All
30 mm.
without can-
tharidin
with canthari-
din
Morphology
Free cell count
Dead free cells
Morphology
Free cell count
Round and free
cells, some ag-
glutinated
All round and free
All round and free
All round and free
All free, round and
small
3.7 X 10
3.6 X 10
All round, too few
to count
D. 80° C
10 mm.
without can-
tharidin
with eanthari-
din
Morphology
Dead
Morphology
Dead
All round and free
All
All round and free
All
condensed in halo fashion at the periphery of
the cells as is usually seen in acantholytie
cells in vivo.
DISOTJS5ION
These experiments demonstrate the morpho-
logic effect of cantharidin on epithelial cells
in tissue culture. These cells are exquisitively
sensitive to cantharidin. Exposure to 2.5 X
10° M (0.5 g/ml) cantharidin initiates pro-
nounced cytotoxic changes. The severity of
these changes appear to be directly related to
the dose levels and period of exposure. The
effects of low concentrations of the drug are
reversible.
These morphologic changes are not unique
for cantharidin or for this cell strain. Similar
changes have been reported for vincaleuko-
blastine on human neoplasms in culture (5). In
the latter study, Walker et al. found a dif-
ferential sensitivity of the various cultured
neoplasms to vincaleukoblastine and perhaps
this may become apparent for cantharidin if
studies are continued to other cell lines. Ber-
liner et al. (6), in their article review the
findings of numerous investigators of steroid
induced morphological fibroblastic changes, in
vivo and in vitro, and report their results.
Their findings for fibroblasts in culture
include reduction in size, greater refractility,
shortening of cytoplasmic processes and globu-
lar forms. They quote Dougherty as postulat-
ing that the rounding up effect is a protective
one and in this form the fibroblast is best able
to resist the chain reaction of cell destruction
initiated by the steroid and by cytotoxic prod-
ucts elaborated by the cells. We support this
concept. Similar morphologic findings have been
reported by others (7, 8).
Cytotoxicity was evaluated by assessing the
number of cells adhering to glass as well as
the number of cells showing extension of cyto-
plasmic processes. The cells appeared to be
able to adapt to the cytotoxic effect of can-
FIGs. 5 AND 6
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FIG. 7. a—Characteristic appearance of cells 24 hrs. after introduction into a Leighton
tube. Note nestlike arrangement of cells, overlapping processes, numerous distinct nucleoli
and multinucleated cell as well as relationship of nuclear size to cell volume. Arrow indicates
presence of cytoplasmie vacuole containing reddish material. llematoxyhn-eosin (X 361).
b—Nestlike growth pattern characteristic of these cells in tissue culture. Hematoxylin-
eosin (X 87).
tharidin and regain or return to a normal
appearance. Cells that had been exposed to
cantharidin when removed to medium without
eantharidin eventually behaved similarly to
controls in their ability to form processes and
in their subsequent response to eantharidin.
This observation suggests tbat cantharidin
does not permanently inactivate an enzyme
system, nor is the adaptive effect due to a
mutating action of the drug. Earlier observa-
tions with an ovarian carcinoma tissue culture
and with yeast cells also indicated that
limited exposure to cantharidin does not per-
manently inactivate enzymes. Continued ex-
posure of cells to cantharidin in tissue culture,
however, is lethal (9).
Cells exposed to eantharidin initially show
increased mitotic rates as evidenced by an
increased number of cells compared to control
cultures. Presumably cantharidin stimulates
DNA synthesis.
The possibility that cantharidin acts through
the release of lysosomal enzymes has been
suggested by others (10, 11). Our observations
do not support this concept. Our experiments
indicate that a 24 hour exposure to 0.1 per cent
trypsin was necessary to produce the effects
described for cantharidin. Ambrose (8) found
similar concentrations of trypsin caused nor-
mal and malignant epithclial cells to round
up and show blebbing of the plasma mem-
brane. Furthermore we found that 0.25 per
cent trypsin is not effective in removing all
types of malignant cells from glass even if the
FIG. 5. Photographed 1½ hrs. after trypsinized cells introduced into a Leighton tube. Note
extended processes, multinuclear cells and giant cells. Jenner-Giemsa (X 97).
FIG. 6. Same slide as above except magnification (X 417). Note cell shapes, nuclear shape,
nuclear:eytoplasmic ratio, and nucleoli. Jenner-Giemsa.
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period of exposure to this enzyme is increased
(12). It would seem unlikely that amounts of
proteolytic enzyme could he liberated from the
lysosomes to result in a greater total pro-
teolytic or elastolytic activity than trypsin in
the concentration we used. This conclusion is
further supported by the work of Bagatell (13)
who has been unable to produce acantholysis
in skin, in vitro, with materials isolated from
lysosomes.
Our observations with both trypsin and
cantharidin would also tend to support the
concept that there is no extracellular material
between the cell and the glass surface in
monolayer cultures. Both Curtis (14) and
Ambrose (8) felt that the action of a series of
unrelated agents in causing cells to leave a
glass surface was due to their effect on the cell
surface. Curtis' study included a number of
reagents selected because of their known ef-
fect on surface potential. Ambrose used four
hydrolytic enzymes only one of which was a
protease as well as a surface active agent. We
studied two seemingly pharmacologically unre-
lated agents whose effects have been stated to
be on cell membranes. All the above studies
included trypsin. Curtis' data included the ob-
servations that in any given cell the distance
between the plasma membrane and the glass
surface varied considerably from one part of
the cell to another. The cell surface was not
necessarily continuously adhered to glass and
furthermore he could not demonstrate any
material between cells and glass by interference
reflection microscopy. Evaluation of such data
does not support the concept of an extra-
cellular material. Our cantharidin work sug-
gests to us that adherence to glass is an energy
dependent process, and is directly related to
the function of such enzymes in maintaining
membrane activity. Further work in progress
will elucidate this concept.
A combination of trypsin and cantharidin
is more effective in separating cells from each
other and from glass than would be expected
on the basis of studies of their independent
effects. With one cell strain, 0.25 per cent
trypsin was ineffective in suspending these cells.
When 0.5 p.g/ml cantharidin was added to the
trypsin solution, however, loss of all adherence
was noted. Presumably trypsin initiated physio-
logic changes leading to cell separation since
this concentration of cantharidin by itself
would not have been effective. This combina-
tion subsequently proved to be lethal to these
cells.
It is our belief that the cytomorphologic
action of cantharidin is on cell membranes.
This action either occurs simultaneously with
the action of cantharidin on oxidative en-
zymes or follows very shortly the blocking of
these enzyme systems. These enzymes are
intimately bound to the mitochondrial mem-
branes and are dierctly involved in all active
transport across the plasma membrane (15,
16). Failure of these enzymes results in the
death of the cell due to marked permeability
changes. Mitochondrial enzymes have been
demonstrated in cantharidin-induced blister
fluid (17, 18) indicating membrane lysis. The
appearance of these enzymes occurs long be-
fore lysosomal enzymes can be demonstrated.
Furthermore electron microscopic studies have
indicated that there is swelling and distortion
of mitochondria, changes in endoplasmic re-
ticulum and damage to the plasma membrane
after exposure to cantharidin (13). The ques-
tion as to whether there is any interaction of
cantharidin with the membraneous structure
itself is still not satisfactorily resolved (19—.
21). We believe, however, that cantharidin does
not act directly on membranes. The evidence
for this is the blocking or inhibiting action of
malonate, glucose, cold, and anoxia on can-
tharidin induced acantholysis (19). These
agents interfere with the functioning of the
oxidative enzymes, and alter the usual meta-
bolic pathway. Cantharidin, in the presence of
the above agents or conditions, no longer pro-
duces acantholysis and the membranes appear
to remain intact. Therefore, one can assume
that cantharidin acts at a point in the meta-
bolic cycle beyond the action of these agents
and does not act on the membrane directly.
(If its action was on the membrane acantholy-
sis would have occurred.) Our experiments
have also demonstrated that cold exposure
blocks oxidative enzymes temporarily, and if
recovery occurs (return to aerobic metabolism)
enzymes are again vulnerable to cantharidin.
SUMMARY
H.Ep2 cells grown in monolayer tissue cul-
ture responded rapidly to exposure to low con-
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eentrations of cantharidin with a characteristic
morphologic and physiologic reaction. These
changes include alteration in cell shape, size,
nuclear and eytoplasniie appearance, as well as
changes in ability to adhere to a glass surface.
Under certain conditions the effect of can-
tharidin has been shown to be reversible indi-
cating that no enzyme system was permanently
inactivated. This observation is supported by
data indicating apparent spontaneous reversal
of some of these morphologic effects without
renewal of media. Evidence is presented to
indicate that this reversal was not due to a
mutagenie action of cantharidin.
Morphologic changes induced by cantharidin
occurred in cells which were not in desmosomal
contact and which were not adherent to each
other. The changes appear to occur as a result
of membrane changes secondary to changes in
oxidative metabolism. Evidence is presented
that the observed physiologic effect of can-
tharidin is not due to release of lysosomal
hydrolases; factors of time and quantity negate
such a possibility. Support is given to the
concept that adherence to glass may well be an
energy dependent process and does not involve
a specific cement substance.
These morphologic alterations are not unique
for cantharidin or for H.Ep*2 cell. Both nor-
mal and malignant cells as well as cells derived
from all germ layers have shown similar
morphologic changes on exposure to a variety
of pharmacologic agents.
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